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Abstract
At Cal Poly traveling long distances only accessible by foot such as across campus or from the
car park to class can be tiring and time-consuming. While not physically demanding, the trek
consumes time in our tight college life schedule. To improve our time efficiency this project
provides a relatively lightweight, powered solution to quickly and effectively travel long
distances while maintaining full control and safety even on hills, a current limitation of
traditional skateboards.
This electric skateboard includes the battery capacity to travel all around campus on a single
charge with a compact and flexible skateboard design that provides extended range without
compromising on rider comfort. It includes regenerative braking for on-demand stopping and
safe travel down even the steepest hills on campus using a wireless controller.
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Chapter 1: Introduction
With the recent development and growing interest in electric skateboards on the market, the idea
of powering up a hill and gliding down using electric regenerative braking that keeps the rider at
just the right speed became desireable. Casey Neistat has famously talked about the Boosted
board in his daily YouTube videos on a few occasions and provided the original inspiration of
having an electric skateboard [1]. However, a quick visit to Boosted board’s website reminds
anyone in college that toys just become more expensive with age. A dual motor, extended range,
Boosted board costs $1,600 right now [2]. An electric skateboard certainly has practical utility as
a form of transportation and is more valuable than a simple toy, but created the challenge of
having a powerful electric skateboard as impressive as a Boosted board at a lower cost. The
solution is to build one! After looking further into the project requirements and creating a cost
estimate it was quickly realized that a custom electric skateboard would still cost a pretty penny
but could also be an idea for a fun and educational senior project.
Building an electric skateboard instead of simply purchasing a board on the market provides a
learning opportunity, and a chance to focus on improvements to the designs already in
production. The goal of this senior project is not to just reproduce something that already exists,
but to utilize the engineering resources available to compile and further develop the electric
skateboard technology in hopes of furthering the utility and reliability of electric skateboards in
the future.
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Chapter 2: Project Planning
2.1 Customer Needs Assessment
The customer needs a portable, lightweight skateboard that is powerful enough to tackle common
hills around town, and have a sufficient battery pack capacity to ride around campus without
recharging. Which means that the electric skateboard needs to have a balance between torque
and speed while also balancing having sufficient power without sacrificing battery capacity to
meet the demands of a rider. To develop the customer needs, the commonly desired features of
an electric skateboard were considered and compared to research on what technology already
exists in production boards today. Additionally, research on customer needs discussed in Boosted
Board’s technical archives added insight [3]. Companies such as Boosted, Evolve, and Enertion
all produce exceptional boards that offer many of the different customer needs and features riders
look for [2] [4] [5]. The goal is to incorporate as many customer needs into a single package as
possible.

2.2 Requirements and Specifications
To develop a desirable electric skateboard, the following requirements and specifications were
developed from the top electric skateboard concerns, found in online research of the best electric
skateboards on the market, and information from product reviews such as the reviews published
by Slant [6].
The weight of the overall system design must incorporate a balance between sufficient battery
life and performance while remaining lightweight for portability. A tradeoff of battery weight
versus pack capacity limited the design. Lead acid battery technology provides a cheap option
but limited energy density requires a heavy pack with a limited range. Lithium based battery
technology, however, provides an improved lightweight and energy dense solution for this
application, but requires a battery management system to prevent catastrophic failure in specific
situations [7]. Integrating passive cooling into the battery and motor controller to sufficiently
cool the pack and ICs while under heavy loads to prevent battery degradation also presents
another difficult challenge to overcome.
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TABLE I: REQUIREMENTS AND SPECIFICATIONS
Marketing
Engineering
Justification
Requirements
Specifications
1
Capable of traveling at speeds above Electric skateboards on the market
15mph and accelerate to 15mph
today obtain speeds of 15+mph.
within 6 seconds (150lb rider).
2, 3
Capable of traveling up 15% grade
In cities, a typical street has less than
hills going at least 5mph (150lb
a 20% grade [8] so that should satisfy
rider).
many customers.
2
Able to travel 10 or more miles on
Elevation change can dramatically
flat paved road (150lb rider with
change the battery life of the board
minimal stop and go).
however traveling 10 miles on flat
ground with a 150lb rider
demonstrates a reasonable minimum.
4
The battery pack should not exceed
Lithium polymer batteries provide an
2” thickness.
easy solution but typically exceed 2”
thickness. A more compact design is
desired.
4, 6
Entire skateboard package weighs
A boosted board dual + weighs
less than 20lbs.
15.5lbs, but this design is intended to
have larger motors and a larger
battery pack.
5
Motor controller has regenerative
One of the most important safety
braking on up to 10% grade (150lb
features of an electric skateboard is
rider).
the ability to smoothly come to a
stop.
7
The entire project should cost less
If the final project costs significantly
than the cost of a comparable
more than a comparable production
production board (typically $1,500
board in parts, then the project fails to
to $2,000).
meet one of the original objectives of
the project.
4, 5
Utilizes wireless remote for user
Simplifies the aesthetic design and
input of speed, and automatically
use of the board while removing the
slows down if remote dropped or
potential tangle hazard of wires.
disconnects.
5,8
Sealed motors that prevents
Water-resistant design needed as
electrical short when submersed, and puddles and wet pavement a likely
a sealed compartment for the battery encounter on the street.
and electronics.
9
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Lithium battery pack contains
battery management system.
Marketing Requirements
1. High Speed with Fast Acceleration
2. Contains High Capacity Battery Pack
3. Capable of Climbing Hills
4. Compact Final Design
5. Safe Braking
6. Relatively Lightweight for Capabilities
7. Cost Effective
8. Water-resistant

Helps prevent battery fires and short
circuit conditions.

As the project progresses the following deliverables in Table II help guarantee the success of the
project by having specific deadlines and actionable targets to complete along the way.
Delivery Date
April 21, 2017
May 12, 2017
June 2, 2017
Sept. 29, 2017
Nov. 17, 2017
Nov. 17, 2017
Nov. 24, 2017

TABLE II: PROJECT DELIVERABLES
Deliverable Description
Design Review with Dale Dolan
EE 461 demo (working electronics on a board)
EE 461 report (beginning of summer break)
EE 462 demo (fully packaged functional electric skateboard)
ABET Sr. Project Analysis Finalized
Senior Project Expo Poster
EE 462 Report
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2.3 Functional Decomposition
To gain a more global perspective on the basic functionality and then what subsystems are
necessary for the entire system to work, a level 0 and decomposed level 1 block diagrams are
specified in sections 2.3.1 and 2.3.2.

2.3.1 Level 0 Block Diagram
The level 0 block diagram in Figure 1 defines the overall system inputs and outputs that interface
with the rider during routine use of the final project. The exact inputs, outputs, and overall
system functionality summarized in Table III. For reference on the overall system capabilities
and requirements, Benjamin Vedder’s published work provides examples of the capabilities built
into his electronic speed controller utilized in a custom electric skateboard build [9].

FIGURE 1: LEVEL 0 SYSTEM BLOCK DIAGRAM

TABLE III: LEVEL 0 SYSTEM OVERVIEW
Level 0
Modules
Electric Powered Skateboard
Inputs
- Rider’s Hand Moving Joystick
- Power Charging Cable
- Power Button
Outputs
- Controlled Forward Motion
- Battery Charge Indicator
- ON/OFF Indicator
Functionality/ With simple rider input to the wireless controller the skateboard moves
Features
forward with proportional torque to the input and when desired also provides
proportional regenerative braking to slow and bring the rider to a stop.

11

2.3.2 Level 1 Decomposition
The level 1 block diagram in Figure 2 drops down a level to define each subsystem within the
level 0 block diagram with each inputs, outputs, and subsystem functionality summarized in
Table IV, Table V, Table VI, Table VII, Table VIII, and Table IX. The system can utilize a
single motor or dual motors but requires an individual speed controller for each motor.

FIGURE 2: LEVEL 1 SYSTEM BLOCK DIAGRAM
TABLE IV: LEVEL 1 – WIRELESS REMOTE
Level 1
Modules
Inputs
Outputs
Functionality/
Features

Wireless Remote
- Rider’s Hand Moving Joystick
- I2C Control Signal
Wirelessly transmits the joystick position to wireless receiver that provides an
I2C control signal to the speed controller for motor control [9].
TABLE V: LEVEL 1 – BATTERY PACK
Level 1

Modules
Inputs

Battery Pack
- Power Charging Cable
- Power Button
Outputs
- Electrical Power
- Battery Charge Indicator
- ON/OFF Indicator
Functionality/ The battery pack provides all system power to the speed controllers. For
Features
safety, the pack includes a built-in battery management system, incorporates a
charging port, and battery charge indicator [10].
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TABLE VI: LEVEL 1 – SPEED CONTROLLER
Level 1
Modules
Inputs

Speed Controller
- Electrical Power
- I2C Control Signal
Outputs
- Adjustable Electric Power
Functionality/ The speed controller provides the required adjustable electric power to the
Features
motors based on user input from the wireless controller and converts excess
electrical power from regenerative braking into DC power to charge the
battery [9].
TABLE VII: LEVEL 1 - MOTORS
Level 1
Modules
Inputs
Outputs
Functionality/
Features

Motors
- Adjustable Electric Power
- Rotational Force
The electric motors convert the stored electrical energy into rotational force to
propel the skateboard forward. They also serve as generators to capture the
kinetic energy of the user and convert it back into electrical energy to slow
down the rider and extend the travel range.
TABLE VIII: LEVEL 1 – SKATEBOARD DECK
Level 1

Modules
Outputs
Functionality/
Features

Skateboard Deck
- User Weight
The deck serves as the primary support structure for the rider and transfers the
downward force from gravity to the wheels that rotate freely on the ground.
TABLE IX: LEVEL 1 – WHEELS/TRUCKS
Level 1

Modules
Inputs

Wheels/Trucks
- Rotational Force
- User Weight
Outputs
- Forward Motion
Functionality/ The wheels transfer the rotational force of the motors to forward motion while
Features
maintaining the support of the rider. The wheel material also dampens
vibration transfers from the ground to the deck and provides traction to
transfer the rotational force to the ground.
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2.4 Gantt Chart
The following Gantt chart predicts the estimated time required to complete the project and provides a timeline for completing specific
tasks for a successful and well thought out senior project

FIGURE 3: GANTT CHART – WINTER AND SPRING QUARTER
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FIGURE 4: GANTT CHART – FALL QUARTER
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2.5 Cost Estimate
This section estimates the electric skateboard project costs. Equation (6) from chapter 10 of Ford
and Coulston’s design book provides an estimate of each item’s realistic cost as a composite of
the optimistic, realistic, and pessimistic estimated costs [11]. Table X tabulates the predicted
parts and costs for each subsystem component. The carbon fiber composite deck requires six
different production materials alone which accounts for the high final parts price. Commonly
available wheels and trucks for a standard longboard keep costs relatively low. The motor
mounts have a low parts cost but are labor intensive to machine, while the motors and speed
controllers are off the shelf products with higher upfront costs. The lithium cells cost need a
larger safety margin as the specific cell costs vary widely depending on the battery technology
and manufacturer. A 20% safety margin for unforeseen expenses such as higher shipping costs or
development parts not utilized in the final design is included.
TABLE X: COST ESTIMATE
Electric Skateboard Senior Project Cost Estimate
Subsystem
Carbon Fiber Deck

Required Part

Quantity

Minimum Cost

Expected Cost

Cost Estimate

35.00
45.00
50.00
30.00
20.00
5.00
10.00
5.00

Highest
Cost
50.00
70.00
60.00
45.00
30.00
15.00
15.00
10.00

Carbon Fiber/Kevlar Weave
Epoxy Resin
Foam Core
Bagging Materials (For Layup)
Compartment Cover Mounting Hardware
LED Voltage Readout
Primary Power Switch
Charging Port

2
1
1
1
1
1
1
1

25.00
25.00
30.00
20.00
8.00
1.50
2.00
2.00

Set of Longboard Wheels
Longboard Front & Rear Trucks
Wheel Belt Pulley Spindles
Pulley Mounting Hardware

1
1
2
2

15.00
30.00
12.00
5.00

30.00
40.00
22.00
10.00

60.00
55.00
30.00
14.00

32.50
40.83
43.33
19.67

3-Phase Motor
Aluminum or Carbon Fiber Stock Material
Motor Bearing for Additional Loading
Motor Mounting Hardware

2
2
2
2

42.00
5.00
1.00
2.00

59.00
12.00
3.00
4.00

75.00
20.00
5.00
7.00

117.67
24.33
6.00
8.33

Vedder Electronic Speed Controller
CAN Bus Cable for Interconnect
Wireless Remote w/ Receiver
Heatsink Block

2
1
1
1

100.00
2.00
20.00
4.00

110.00
5.00
25.00
6.00

170.00
10.00
48.00
10.00

236.67
5.33
28.00
6.33

24
2
4
2
1

1.50
7.00
4.00
5.00
5.00

4.86
16.00
5.00
7.00
6.99

7.50
22.00
7.00
10.00
8.99

Parts Cost Estimate:
Labor Cost @$35/Hour

113.76
31.00
20.67
14.33
6.99
198.60
$1,191.60
$6,370.00

Total Board Development Cost Estimate:

$7,561.60

71.67
45.83
48.33
30.83
19.67
6.08
9.50
5.33

Wheels & Trucks

Motors & Mounts

Speed Controller

Battery Pack
Lithium-Ion Battery Cells
Battery Cell Packaging
Battery Cell Interconnect Wires
Power Wires
Power Connectors Pack
20% Safety Margin
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Chapter 3: System Design
With the overall project requirements and specifications defined the individual subsystem
designs can be created and further developed. This section describes the primary considerations
to account for while designing each subsystem.

3.1 Motor Controller
To meet the defined performance characteristics a motor controller capable of high power output,
smooth output power control, regenerative braking, a small package size, with known reliability,
and a feasible price must be selected. When comparing the different motor and controller
combinations available on the market, the size, power, and weight requirements for an electric
skateboard lead to the selection of a brushless DC motor configuration. Compared to a simple
DC motor, brushless DC motors require a motor controller to commutate the three motor
windings but offer improved efficiency and power output over a brushed motor. AC induction
motors require an advanced controller for both frequency and amplitude modulation, and due to
the very limited availability induction motors for use in an electric skateboard application,
brushless DC motors offer a preferred solution for this project.

3.1.1 VESC – Open Source ESC
There is an open source customizable motor control project made by Benjamin Vedder that
works for both DC and brushless DC motors with a variety of input communication protocols,
operates based on current and voltage limits, and incorporates a multitude of features. Many offthe-shelf brushless motor controllers built for remote control airplanes and cars are available
online, however, most do not incorporate any form of protection from over current or over
temperature. The damaging effect of excessive current or temperature can potentially cause fires
from overload conditions and therefore do not meet the safety requirements of the project.
Benjamin Vedder’s motor controller on the other hand offers:
Input Voltage: 8V – 60V
Current: Up to 240A Burst, 50A Continuous
5V 1A Output for External Electronics
Sensored and Sensor less Commutation with Field Oriented Control
PCB Size: 40mm x 60mm.
Regenerative Braking
A GUI with Configuration Parameters
Adaptive PWM frequency for ADC measurements
RPM-Based Phase Advance
Duty-Cycle Control, Speed Control or Current Control
Seamless 4-Quadrant Operation
Input Interface: PPM Signal, Analog, UART, I2C, USB or CAN-Bus
Current and Voltage Measurement on all Phases
17

Adjustable Protection Against:
Low Input Voltage
High Input Voltage
High Motor Current
High Input Current
High Regenerative Braking Current (separate limits for motor and input currents)
Rapid Duty Cycle Changes (ramping)
High RPM (separate limits for each direction).
And when the limits are hit, there is a soft back-off to prevent exceeding the limits but all while
the motor keeps running. In the event the current becomes way too high, the motor is switched
off completely.
Benjamin Vedder’s project offers so many features that the original design was improved upon
by a skateboard company based in Australia called Enertion [5]. The primary difference is the
new overall package size and direct FETs that allow for a heatsink to dissipate heat faster [12].
The first version by Vedder had no packaging to protect the printed circuit board and the
MOSFETs have a D2PAK package that conducts heat poorly at high load. This next generation
VESC, called an FOCBOX from Enertion [13], was selected for the project.

3.2 Battery Pack
Determining the best solution for a battery pack in an electric skateboard requires knowledge of
different battery chemistries, power output characteristics, energy capacities, cell packaging,
battery management solutions, manufacturing processes, and desired performance.

3.2.1 Chemistry
The primary battery chemistry technologies to consider are lead acid, nickel-metal hydride,
nickel cadmium, and lithium. Lithium has the highest energy density of these, but are also the
most volatile and require battery management systems to monitor and help prevent battery fires
[14]. For this application, a higher energy density is required due to the limited space and weight
desired. Next, while lithium batteries offer high energy densities, there are three lithium battery
technologies to consider: lithium-ion (cobalt), lithium-polymer, and lithium-iron-phosphate.
Lithium-iron-phosphate offer higher output power, but at the cost of energy density, which
means that while not as many cells are needed to provide the output power desired, a limited
range exists or significant space is required to extend the pack capacity. Lithium-ion (cobalt)
offer high energy densities, but limited power output compared to lithium-iron-phosphate or
lithium-polymer. Lithium-polymer cells provide both high energy densities and higher output
power, but also usually come in more delicate prismatic pouches that if punctured, ignite rapidly.
The solution selected is to use the higher energy density lithium-ion cells that utilize a strong
metal casing that is safer than the lithium-polymer pouches. The drawback of lower output
power can be overcome by having a sufficient number of cells in parallel to provide more
current. This way a long-range pack is achieved without adding too much weight or size to the
overall board.
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3.2.2 Energy and Power
Realtime motor controller power logging in Benjamin Vedder’s video demonstrates that no more
than 700 watts are typically required to ride around [9]. From this the power and voltage of a
lithium-ion pack can be calculated. Given that a common 18650 cell (named so for its 18mm
diameter and 65 mm height) has around a 3,000mAh rating and to prevent excessive pack
degredation, operatingat no more than 2C the pack capacity is preferred, the max current each
cell should provide is 6 amps.
In terms of different cell arrangements, maximizing the system voltage minimizes the pack
current and cuts down on conductor and cell losses. The motor controller can accept up to 60
volts max, but is not recommended to operate much above a de-rated 50 volts to prevent
potentially damaging the controller. A fully charged cell is 4.2 volts, which means a maximum of
12 cells in series is acceptable as a pack configuration. To determine the maximum output power
the nominal 3.7 volt cell voltage is used below in Figure 6.

FIGURE 5: PACK CONFIGURATION CALCULATIONS
The calculations in Figure 6 demonstrate that 10 cells in series and 3 in parallel does not meet the
700 W minimum desired output power, while the 12 cells in series and 4 in parallel exceeds the
power required by a fair margin. The 12s4p pack would provide maximum power and total
capacity, but also requires a significant amount of space on the board while adding more weight
than desired. Either the 12s3p or the 10s4p pack meet the desired output power, but in interest of
reducing the average cell current and have a larger pack capacity, a 10s4p configuration is
selected. This configuration has a larger capacity because the 12s3p pack contains 36 cells while
the 10s4p pack contains 40 cells, which will store more overall energy.
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3.2.3 Battery Management System
Lithium based batteries require a battery management system (BMS) to monitor and protect the
cells during use and while charging. The cell voltages need to be monitored to prevent cell overvoltage from charging, under-voltage from discharging, and short circuit protection. In the event
any of the cells in a stack of cells, such as in the 10s4p pack, exhibit these conditions, the BMS
cuts off the primary output power of the pack. It is done for the safety of the pack to prevent
thermal runaways that can lead to battery fires. Battery management systems also balance the
voltages between the cells. If the voltage of one cell is significantly lower than the other cells in
a pack, then that cell is the first cell to reach the minimum cell voltage while discharging and
triggers the pack to turn off. But there is still usable energy that is not utilized in the pack and it
goes to waste because it is never used. To combat this, the BMS balances the pack by bringing
all the cells up to fully charged individually once any one of the cells reaches the fully charged
state while charging. To do this, an individual balance lead must be connected to every cell to
monitor the voltage and charge the cells.
For the BMS to turn off the primary pack power the BMS must have transistors to control the
flow of power. For this reason, battery management systems are rated for their max continuous
discharge and charging currents. To meet the needs of this project, a BMS is selected that is
specifically designed to operate with 10 lithium-ion cells that are stacked in series. One such
BMS found is capable of running at 30 amps continuously with built-in BMS temperature
monitoring, but due to a bulk minimum order size, an alternative 35 amp continuous current
BMS that does not have temperature monitoring was selected for its availability. Considering the
board is rated for 35 amps and is not expected to reach above the software limited max current of
22 amps, the board should have little difficulty dissipating the heat.

3.3 DC Motor
Since the motor controller and system voltage were selected for a DC brushless motor, the motor
specifications can be selected. Brushless motors have a performance characteristic called the kV
rating. Not to be confused with kilovolts, it is a parameter that approximately characterizes the
speed of the rotor per volt driven in an unloaded condition. The trade-off between a higher kV
motor and a lower kV motor is speed versus torque. To select an appropriate kV rating the
theoretical maximum speed of the board determines the ideal kV rating. Using Mathcad Prime
3.1, as seen in the Figure 6, a different kV rating for a variety of motors available online
demonstrates that a 192kV rating provides an approximate maximum speed of 25.9 MPH with a
nominal 37V pack. Note that after performance testing the finished board, a top speed of 25
MPH is far faster than necessary, and a 149kV motor would provide more torque for faster
acceleration and climbing hills.
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FIGURE 6: MAX SPEED CALCULATIONS
The overall size of the motor was also selected. This is a little tricky as the maximum power
output the motor can handle is typically the only parameter given and this is only ever a peak
output power that cannot be sustained continuously as the motor will overheat. The motors also
don’t run at peak efficiency when run at the maximum power output. Therefore, based on the
information that both Boosted and Evolve run, two 1,500 W max motors, a single motor
configuration (for overall system simplicity) is selected for this project. An Alien Power Systems
6374HEV 170kV 3,300 W motor fits the bill well, but due to a 4+ week backorder status an SK3
6374 192kV motor with a 2,750 W power output will substitute [15] [16]. Additionally, the SK3
motor has an 8mm shaft that fits directly onto the 15/36 tooth pulley set purchased while the
APS motor has a 10mm shaft that would require a different pulley set. Both motors are rated for
the maximum system voltage, and in the motor controller configuration the max motor current is
set based on the motor used.

3.4 Skateboard
To meet the design specifications for top speed, a flexible long board with performance trucks is
selected. For added comfort, a flexible bamboo Loaded Vanguard Flex 3 longboard deck
provides the desired flex and clearance required for the battery pack. Next as a recommendation
from an online forum, 180mm Ronin cast Longboard trucks that utilize a floating kingpin for
even bushing compression were selected for the project. The Longboard was completed by
combining 83mm 78A hardness wheels and titanium/chrome ball bearings. The softer 78A
hardness absorbs more vibrations in the road without wearing down significantly like other slider
wheels. The titanium race and chrome ball bearings provide a stronger and rust-free solution that
have a lower rolling resistance over steel bearings that also require more maintenance in wet
conditions.

3.5 Motor Mount
To connect the output power of the motor to the wheel of the skateboard, a motor mount that
uses 15mm wide rubber belt is required. The belt system is chosen for the quiet operation and
simplicity over a geared or chain drive system, while the 15mm wide belts provides enough
surface area to transfer the torque without slipping the belt under full load.
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3.5.1 Truck Mounting Surface
To drive a wheel of the skateboard, a motor mount needs to be mounted to the skateboard truck
itself to allow for the truck to move as the skateboard is turned. The Ronin trucks selected, like
many others, don’t have a simple geometry on the truck hanger to mount to. To work around
this, an aluminum 1mm thick, 30mm diameter cylindrical sleeve is used to adapt the nonuniform curves of the hanger into a uniform cylinder that can be clamped around. The sleeve is
secured to the truck using steel reinforced epoxy after an alignment jig is used to maintain
perpendicularity of the sleeve while the epoxy cures. See Figure 7 of the finished design.

FIGURE 7: TRUCK MOUNTING SURFACE

3.5.2 Adjustable Belt Motor Mount
With a cylindrical mounting surface, a simple to manufacture motor mount that can be made
with simple plates of aluminum can be designed. The primary design specifications being the
clamping system, the motor shaft center to wheel center have a set nominal distance with room
to expand as the belt stretches. With the wheel and motor pulleys with the belt already on hand
the measurements were empirically determined and then designed in Autodesk Fusion 360
software. The parts can be easily manufactured using the waterjet and manual milling machine
available on campus. See Figure 8 of the 3D Autodesk motor mount drawings.
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FIGURE 8: MOTOR MOUNT AUTODESK DRAWINGS

3.6 Carbon Fiber Enclosures
To protect and hold the battery and all the electronics of the board a strong and lightweight
enclosure is needed. With experience working with carbon fiber in the Cal Poly Supermileage
club, a custom shaped carbon fiber enclosure that could conform to the exact shape of the
Longboard is an easy choice, although it takes more planning and time to manufacture.
To start off, a mold is required to make a carbon fiber composite structure. When vacuum
pressure is applied to the vacuum bag that surrounds the wet carbon fiber the mold provides the
shape that the carbon fiber will harden into. The minimum thickness of the enclosures is based
on the thickness of the 18650 battery cells plus room for ¼” vibration padding above and below
the cells. Combined with the curvature of the board the minimum required starting foam core
thickness of 1.55 inches is found. The initial layout design is below in Figure 9. The final design
was left to the end of the project to account for potential changes in the electronics changing the
required space. Once everything else was built and tested, the molds were created for the carbon
fiber layup. The layup schedule was discussed with Aaron Feinstein to use 5 layers of
bidirectional carbon fiber oriented at 0˚- 45˚- 0˚- 45˚- 0˚ angles. The 0˚ layers provide rigidity in
the direction along the deck length and perpendicular to that, while the 45˚ layers provide
torsional stiffness to withstand board flex during a turn.

FIGURE 9: INITIAL BOARD LAYOUT
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3.7 Anti-Spark Switch
The requirement to design and build a custom ON/OFF power board was not anticipated and had
to be done during the manufacturing process of the overall board. The requirement for a power
board became apparent while prototyping the first board. Upon completing the wiring for the test
battery pack and connecting it to the motor controller for the first time an audible pop and small
spark was created when powering up the motor controller. By design, the motor controller has
two large 680μF capacitors in parallel on the input power to buffer the input voltage from sudden
power spikes affecting the controller [12]. This helps with the stability of the system, but now if
a battery pack is connected directly to the motor controller, the capacitors start off fully
discharged at 0V and only the battery pack internal resistance and leads limit the flow of current
to charge up the capacitors to the pack voltage. This equates to a large surge current that
generates an audible pop and arc flash that damages the power connection plug.
It was discovered through research via the DIY board community, the sparking issue was
discussed and a board designed with MOSFETs to switch the power on and off already existed.
Once the board arrived, the switch was placed in the prototype circuit and worked but due to a
floating gate issue (not related to the initial design) the board layout and schematic was
investigated further. Upon circuit simulation, the circuit does not limit the inrush current at all,
and, with an ideal voltage source, the current exceeds 3kA as seen in Figure 10. This indicates
that while the switch prevents a physical arc flash from occurring, it doesn’t eliminate the surge
current from the battery, and these surge currents far exceed the desired 2C max current specified
for the project. To obtain maximum battery life of the lithium-ion cells we must eliminate the
surge current with a new power board design.

FIGURE 10: VEDDER ANTI-SPARK BOARD V1.4 SIMULATION
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3.7.1 Schematic
The primary objective of limiting the current can be achieved by slowing changing the output
voltage to more slowly charge the motor controller input capacitors. Starting with the same two
IRFS7530 MOSFETs in parallel provide the minimal resistance path once the gate is fully on. To
slowly limit the change in output voltage, the gate can slowly be turned on by using a large RC
time constant that operates the transistor in the linear region for longer before reaching
saturation. Additionally, a Zener diode is required to limit the gate voltage to 12V to prevent the
gate from going above the 20V max with a 37V supply from the battery. The balance of
determining the right size resistor to limit the gate RC/Zener current is to provide enough current
for the Zener to turn on, but not too much current as to require a much larger capacitor for the
RC time constant to be long enough. The balance found for the BZT52B12-E3-18 Zener diode is
a 2 MΩ resistor with a 1µF capacitor.
In simulation, the circuit provides a limited 5A charging current of the motor controller
capacitors as seen in Figure 11. The simulation also shows that the MOSFETs dissipate a peak
72W momentarily while passing through the linear region and have a voltage drop across them,
which is well within the 375W operating limit of the individual MOSFETs [17]. To quickly
discharge the capacitor on the gate without too large a gate discharge current, a smaller 2k
resistor is connected to ground on the OFF side of the switch.

FIGURE 11: NEW ANTI-SPARK BOARD DESIGN SIMULATION
For additional functionality, several features were added to the design. These included an LED
on the output to indicate when the output has a voltage potential, pins to solder wires for a
voltage readout, a ground pad for troubleshooting, and a pin that could be used by a BMS system
to pull the gate low should a fault be detected.The fuse has also been changed for a more
compact and properly rated soldered solution (the original Fechter design used an automotive
fuse rated for 35V). The final schematic created in EAGLE software for a 37V system is below
in Figure 12.
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FIGURE 12: NEW ANTI-SPARK BOARD SCHEMATIC

3.7.2 PCB Layout
Now that the new board schematic has been developed, the PCB layout can be created in
EAGLE. Most of the components selected did not exist in EAGLE and a custom library was
created for the schematic symbols, packages, and pin configurations. The IRFS7530 D2PAK
package pad was also enlarged at the top to allow for easier soldering by hand without a reflow
machine. The power path routing is run on both the top and bottom layers with many vias in the
pads to help with both thermal heat transfer and to increase the trace width by connecting two
layers for the same net connection. Additionally, the overall board layout is more compact and
the trace lengths have been minimized as much as possible to decrease trace resistance and
power losses.
Also note that while the design rule checks built into EAGLE were adjusted for the PCB
manufacturer capabilities, as soon as the vias between the top and bottom layers in the power
connection pads were created, the DRC was filled with unnecessary errors, as seen in the final
design below in Figure 13. All the nets and vias were confirmed as configured correctly and the
design rules were set accurately, but a solution to eliminate the errors was not found. Before the
vias were inserted, everything met the DRC and ERC checks so the design was executed and
Gerber files for production were generated.
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FIGURE 13: NEW ANTI-SPARK BOARD LAYOUT

3.7.3 Component Selection
The initial schematic design was developed in simulation using LTspice with custom .models.
However, at the same time components that were readily available for purchase that could be
simulated were chosen for the design. The calculations done to validate the voltage, current, and
power ratings for each of the resistors and the Zener diode are below in Figure 14.
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FIGURE 14: PCB COMPONENT CALCULATIONS
Note that because the gate capacitor is intended to remain constant in steady state, ESR is not a
critical value to consider for the capacitor. The fuse now is rated for up to 72 DC volts and the
IRFS7530 MOSFETs are rated up to 240 amps continuously each, with a maximum supply
voltage of 60 volts, and an RDS of 1.15mΩ each. This equates to only 0.278 watts dissipated by
the MOSFETs when pulling 22 amps, a full load condition.
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Chapter 4: Development and Construction
4.1 Motor Mount
For simplicity of manufacturing, the motor mount was created in two steps, and then later
revised for increased strength.

4.1.1 Waterjet and Machining
To waterjet the motor mount, a two-dimensional sketch in Fusion 360 was exported and used by
the waterjet CNC software to cut the outline shape out of flat aluminum stock material. The
aluminum stock material was clamped down onto the waterjet bed, the settings were adjusted for
the material thickness, the drawing was imported, and then 50,000 psi water combined with
garnet grit was used to quickly and precisely cut through the aluminum plates.
Next using a manual milling machine and a ¼” end mill, the locking surface that provides
mechanical strength from the torque of the motor and the bolt slots for belt adjustments were
carefully machined away 20 mils at a time. It is a slow and thought out process that requires
precisely aligning a vice on the machining table, zeroing the digital readouts to a particular
surface of the part, and planned tool paths that account for the 1/8” end mill cutting thickness
from the center of the end mill. To finish up the parts, the holes were drilled on a drill press,
tapped by hand with an alignment block, countersunk where needed, and deburred around the
edges. The final custom made product, that began as aluminum plates, can be seen below in
Figure 15.

FIGURE 15: MACHINED MOTOR MOUNT V1.0
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4.1.2 Second Revision
Following the initial board prototype testing, it was discovered that the black aluminum plate
that was sized for the motor mounting holes did not have enough strength to withstand the
constant pressure of the belt tension. Following the belt adjustment, the motor mount began to
deflect and permanently deformed after a couple days of riding. Luckily this part is the simpler
of the two to machine and the next reinforced revision was designed wider with more aluminum
to withstand the constant mechanical strain of the belt. The updated design can be seen in Figure
8 of the design section of this report.

4.2 Battery Pack
With 18650 lithium-ion cells specified in a 10s4p configuration to meet the project design
requirements, a custom battery pack was built for the project. For visual demonstration purposes,
the cells have different colored PVC heat-shrink to help distinguish the parallel and series cells
from one another, as seen in Figure 16.

4.2.1 Spot Welding
Using 99.99% pure nickel strips that are 7mm wide and 0.15mm thick, the cells were joined
together electrically and mechanically with a capacitive discharge spot welder by hand, that has
copper pointed electrode tips. The nickel strips were cut to length to connect four cells in parallel
with a tab sticking out to the side for the balance lead. To connect a set of cells in series with the
next set of cells, four shorter tabs were spot welded on top of the parallel connections. The four
tabs provide low resistance paths for the current to flow while also were thin enough for the pack
to be rotated flat after spot welding was finished to produce a single cell thin pack that has
minimal conductor losses.

FIGURE 16: SPOT WELDED BATTERY PACK CONSTRUCTION
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At the end of the pack, the two sections of series cells have a concentrated current path that had
to be accounted for. With calculations to determine the approximate cumulative power losses in
the path, an additional strip of nickel was spot welded on top of the first for additional current
capacity and reduced power losses. The calculations can be seen in Figure 17 below.

FIGURE 17: BATTERY PACK INTERCONNECT CALCULATIONS
This demonstrates that at full load of 22 amps, with a single nickel strip, an approximate 800 W
load, the nickel cell interconnects dissipate 2.6 watts with a voltage drop of 337 milli-volts,
which is 0.3% of the power output and a 1% voltage drop.

4.2.2 Strain Relief
The spot welds provide some mechanical strength to hold the pack together, but bench tests
demonstrated that the connections can be broken by hand with some force. To help maintain the
overall pack integrity, high temperature silicone adhesive was applied between the cells, and
following the load test, applied between the rows of cells in series. This moved mechanical stress
away from the spot-welded connections and places the primary load on the cell casings therefore
reducing the likelihood of a mechanically stressed connection breaking and resulting in increased
electrical resistance or power failure.
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4.2.3 Bench Load Test
To confirm the spot weld integrity, both mechanically and electrically, the finished battery pack
was fully charged and then bench tested with a programmable electric load. Tested at a full load
of 22 amps, the pack was run for 11 minutes when thermal losses were clearly visible to check
for poor electrical connections and overall pack performance. A Fluke Ti32 thermal imaging
camera and multimeter thermocouple were used to measure the pack temperature rise and look
for any hot spots that would indicate a poor electrical connection. The image taken by the
thermal camera, as seen in Figure 18, highlights the small differences in temperature across the
pack.

FIGURE 18: BATTERY PACK THERMAL CAMERA IMAGE
The last photo taken after 11 minutes at full load specifically shows a maximum cell temperature
of 105.9˚F with a 1.4˚F max difference in temperature across the pack. With elevated
temperatures known as a primary contributor towards degrading cell life, maintaining a lower
cell temperature was prioritized by lowering the motor controller temperature thresholds for
power output. A potential future improvement is to integrate a thermocouple into the motor
controller input directly to monitor the cell temperature and curb output power as the threshold is
reached (the board already supports a setup to monitor the motor temperature with an external
probe).
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4.3 Motor Controller
The motor controller requires no physical modification, but software parameters had to be set for
the application and desired performance, which was done through the BLDC GUI interface. A
wireless controller was also setup with the receiver wired into the I2C data port.

4.3.1 BLDC Software Tool
Within the BLCD tool there are several different pages for setting the controller parameters. The
main settings modified for this specific application included setting the motor section to use
sensor less FOC commutation, a battery voltage cutoff starting at 35V and ending at 33V (with a
proportional power back-off range) to prevent over discharging the pack, more conservative
MOSFET temperature limits starting at 50˚C and ending at 60˚C, and determining all FOC motor
parameters. The cruise control PID values were also adjusted to eliminate underdamped speed
oscillations, and the input app configuration was set to use the Nunchuk I2C input for wireless
control.

4.3.2 Wireless Remote
The VESC motor controller includes the I2C protocol and command library to operate with a Wii
Nunchuk controller plugged into the SDA and SCL ports without further software development
required. For this reason, a modified Nyko wireless Wii Nunchuk was used for user input. The
receiver board was simply interfaced with the motor controller by soldering a JST connector in
place of the original wiring and orienting the board in a fixed position that optimizes wireless
signal strength.

4.4 Anti-Spark Switch
The anti-spark board went through a rather quick development phase, but it also received a
significant amount of focus to develop the best combined solution available on the market today.
Not only was the board designed for use with the VESC motor controller in this senior project,
but the board was adapted for the Cal Poly Supermileage club vehicle.
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4.4.1 Prototype
After the initial inrush current limiting switch schematic was developed, a proof of concept to
demonstrate the board functionality was built before actually ordering any printed circuit boards.
It was rapidly prototyped using through-hole components that are available locally through the
IEEE student branch. The board was hand soldered on protoboard, as seen in Figure 19, and
demonstrated that the switch performed as desired in simulation.

FIGURE 19: ANTI-SPARK SWITCH PROTOTYPE

4.4.2 Printed Circuit Board
With the fully functional prototype built, the printed circuit board design was finished, parts from
Digi-Key were ordered, and using the generated Gerber files the board was manufactured by
PCBWay. Once all the parts arrived within the week, five boards were hand soldered together.
The prototype board was replaced by the new PCB and tested. It was an immediate upgrade, as
seen in Figure 20 below.

FIGURE 20: ANTI-SPARK SWITCH PCB BOARD
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4.5 Carbon Fiber Enclosures
With all the electronics now complete, the final enclosure dimensions were determined and the
foam molds were then cut to shape using a bandsaw. Next the edges were sanded to allow the
carbon fiber fabric to lay down smoothly on, and the bottom surface was sanded to the curvature
of the board. Once complete, the molds were temporarily adhered to the skateboard deck with
hot glue. A bead of glue at the transition point between the foam and the longboard deck helped
to reduce the sharp angle the carbon fiber layed upon.
The first vacuum bag was carefully adhered to a glass table with tacky sealant tape before
vacuum was applied to create the mold surface that the carbon fiber layers were laid upon. All
the layers are cut to shape, West Systems two-part epoxy resin was mixed up, and the layers
were placed wet onto the mold surface. To help the carbon fiber wrap around the corners, the
carbon fiber was cut at 45˚ angles to each corner. The final layer of carbon fiber were applied,
the perforated release was placed, breather cloth across the whole surface added, and then the
second vacuum bag was sealed. Once the vacuum was applied to the second bag, atmospheric
pressure applied pressure from all sides to hold the layers of carbon fiber close to the mold and
squeeze excess resin out into the breather material, as seen in Figure 21.

FIGURE 21: CARBON FIBER LAYUP CURING
After 15 hours, the epoxy finished curing and the vacuum was removed. Then all the bagging
material, breather cloth, and perforated release was removed from the carbon fiber enclosures.
The molds compressed slightly during the curing process and have were stuck in the carbon fiber
enclosures due to the molds not being made with a Duratek coating. However, the foam molds
were easily drilled out, the excess carbon was cut off using a composite saw, and the edges were
sanded.
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4.6 System Integration
With all individual subsystems complete, the final manufacturing step was to integrate
everything into a finished electric skateboard. Staring with the carbon fiber enclosures, foam for
vibrations and absorbing impact energy was added to support the battery pack segments, motor
controller, and BMS. Next holes in the enclosure were made for the primary power switch, the
charging port, digital voltage readout, and battery power cables. With all power wires routed in
the made enclosure, soldering began to connect the battery packs in series, connect primary
power through the battery management system, and wire up the new anti-spark switch.
Next the LED switch and charging port were mounted and the connections soldered. Motor wires
were routed and additional heat shrink was added for protection. Lastly, the BMS balance leads
were cut to length and soldered together before a final quality check confirmed everything was
ready for the first power up. With the first press of the main switch the LED power ring lit up
and the complete board came alive. All that is left now was to add the foam pressure seal that
helps to make the enclosures water resistant, the bolts that go through the drilled and countersunk
holes in the board were secured, and the motor mount adjusted. With everything complete, the
first look at the finished project came together, as seen in Figure 22.

FIGURE 22: FULLY INTEGRATED BOARD

36

Chapter 5: System Performance
This section describes the overall system level performance, and compares the results with the
original requirements and specifications from the project planning phase in Chapter 2.

5.1 Engineering Specification Validation
Much of the system performance was validated on the initial prototype board.While collecting
performance data with the final package, a crash occured and a flaw in the motor mount location
was discovered. Specifically, the larger single motor has a more sizeable circumference such that
with the aluminum motor mount, the overall board clearance was reduced and the motor mount
was lower than the skateboard trucks. The motor mount caught on an uneven lip in the concrete
sidewalk during a ride, launching the rider off the board. To improve the design, the motor
mount can be swung around to the backside of the board to increase the overall clearance. This
crash unfortunately prevented the execution of further performance tests with measured data for
the time being, but a summary of the completed results is found below in Table XI.
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TABLE XI: REQUIREMENTS AND SPECIFICATIONS VERIFICATION
Engineering
Final Results
Specifications
Capable of traveling at speeds above 15mph An electric skateboard capable of 20+mph
and accelerate to 15mph within 6 seconds
speeds. Testing beyond 20 mph was
(150lb rider).
considered unsafe.
Capable of traveling up 15% grade hills
Able to not just climb but accelerate up the
going at least 5mph (150lb rider).
steepest hills at Cal Poly and in surrounding
neighborhood.
Able to travel 10 or more miles on flat paved Crashed before complete data was obtained,
road (150lb rider, minimal stop and go).
but data from two days of riding suggests
15+ mile range.
The battery pack should not exceed 2”
At the edge of the enclosures the maximum
thickness.
depth is 1.7”, the thickest part.
Entire skateboard package weighs less than
Total weight of 15.5 lbs.
20lbs.
Motor controller has regenerative braking on Fully functional regenerative braking on even
up to 10% grade (150lb rider).
the steepest hills at Cal Poly and in
surrounding neighborhood.
The entire project should cost less than the
The entire project cost just under $1,000 in
cost of a comparable production board
parts before club reimbursements for the
(typically $1,500 to $2,000).
anti-spark switch.
Utilizes wireless remote for user input of
speed, and automatically slows down if
remote dropped or disconnects.

Uses a wireless Wii Nunchuk controller that
maintains a reliable connection and applies
smooth regenerative breaking if the
connection is lost.
Holes in the carbon fiber enclosure for
components are completely sealed, and there
is a water-resistant foam seal around the
enclosure edges.
A complete BMS system is part of the board
design, and a primary 40A fuse adds
additional safety against short circuits.

Sealed motors that prevents electrical short
when submersed, and a sealed compartment
for the battery and electronics.
Lithium battery pack contains battery
management system.

5.2 Expense Tracking
All components of the system were documented with the actual cost paid for each. The detailed
list can be found below in Table XII.
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TABLE XII: ACTUAL COST SHEET
Electric Skateboard Senior Project Actual Cost
Subsystem
Carbon Fiber Deck

Required Part

Selected Part

Actual Cost

Shipping

Carbon Fiber/Kevlar Weave
Epoxy Resin
Foam Core
Compartment Cover Mounting Hardware
Mounting Hardware Tools
LED Voltage Readout
Primary Power Switch
Charging Port

5 Layers Perpendicular Weave 0-45-0-45-0 Layup
West Systems Epoxy 105/206
Approximately 15lb Foam Core
1/4 20 Stainless Steel Bolts with Nyloc Nuts
File Set, 1/2" Drill Bit, 1/2 Countersink, Foam Seal
Voltage Readout with Battery Indicator Bar
16mm Latching Waterproof Metal Switch w/ LED
2.5x5.5mm Power Plug (SC1150-ND, SC1148-ND)

$0.00
$58.16
$0.00
$19.57
$34.12
$7.98
$3.69
$8.39

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$2.00
$3.03

Set of Longboard Wheels
Longboard Wheel Bearings
Longboard Front & Rear Trucks
Wheel Belt Pulley Spindles

83mm Wheels 78A Black (Like ABEC 11)
Titanium Bearings w/ Spacers
Ronin Trucks (Pair)
Metal 15T 36T 15mm Wheel Pulley

$25.34
$23.99
$98.10
$40.00

$0.00
$0.00
$0.00
$0.00

3 Phase Electric Motor
Aluminum or Carbon Fiber Stock Material
Motor Bearing for Additional Loading
Motor Mounting Hardware

SK3 6374 192kV Motor
Aluminum Plates
10mm ID, 26mm OD, 8mm Thick
Aluminum 6061-T6 Tube 1.25" x 0.035" x 1.18"
M6 & M4 Fasteners, J-B Weld Epoxy, Sandpaper
Hex M4 Fasteners with Nyloc Nuts

$79.96
$0.00
$8.02
$5.91
$17.18
$6.42

$19.67
$0.00
$0.00
$7.41
$0.00
$0.00

Vedder Electronic Speed Controller
Wireless Remote w/ Receiver
JST Connectors
Power Connectors

VESC FOC Box
Wii Nunchuk Controller
JST PH 2.0MM 26 AWG
4.0mm Gold Bullet Connectors

$151.73
$21.99
$7.99
$6.99

$10.00
$0.00
$0.00
$0.00

Lithium-Ion Battery Cells
Battery Internal Resistance Tester
Battery Cell Packaging

Panasonic NCR18650 Cells
Digital 4 Wire 0-199m Ohm
18650 Cell Terminal Insulators
18650 PVC Heat Shrink Tubing
18650 Cell Double Holder Bracket
10ft 99.6% Pure nickel NI strip (0.15mm x 7mm)
12 AWG Silicone 680 Strand Wire
XT-60 Bullet Battery Connectors
Transparent 180mm Width (Flat) 0.12mm Thick
Li-ion 10S 37V Pack 35A Continuous Output
24 AWG Silicone 40 Strand Wire
3:1 Adhesive Heat Shrink Variety Pack
42V 2A with Auto Switch Off
Permatex Red High-Temp Gasket Maker

$0.00
$42.99
$7.99
$11.80
$12.75
$9.00
$17.97
$5.89
$7.19
$9.68
$26.98
$10.99
$26.99
$8.50

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

Vedder Anti-Spark v1.4
Redesigned Anti-Spark Switch Board (x15)
Components for Custom Switch Board (x5)
Total Parts Cost:
Total with Part Sponsorship:

$25.00
$5.00
$2.00
$24.00
$67.41
$9.99
$999.76
$896.36

Wheels & Trucks

Motors & Mounts

Speed Controller

Battery Pack

Battery Cell Interconnect Wires
Power Wire
Power Connectors Pack
Battery Pack Heat Shrink
Battery Management System Board
Cell Balancing Wire
Heat Shrink
Battery Charger
Battery Adhesive
Anti-Spark Switch
Vedder Anti-Spark Switch
Custom PCB Board
Digi-Key PCB Components
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Chapter 6: Conclusion
With the final board design now complete, the senior project is now finished. Looking back on
what has been accomplished and what future improvements to the design exist concludes the
educational part of this project.

6.1 Accomplishments
The flexible bamboo deck found in a Boosted board with the long range powerful lithium-ion
battery pack of an Evolve Carbon GT have been combined. This was completed without
compromising on ride comfort, power output, safety, or aesthetics. With some help from the Cal
Poly Supermileage club, this was all accomplished for a cost of less than $1,000. The scope of
the project was far more than originally anticipated and required significant time investment to
get many details just right, but the final product is a beautiful hand built electric skateboard that
powers up hills with ease and is built to last years of continued use. The board is certainly not
perfect, and there is much room for improvement, but the knowledge and experience taken away
from this project was worth the investment.

6.2 Future Improvement Opportunities
Nothing is perfect and while there is much to be proud of in the board design, there is also much
that can be improved. Below a few key improvements are discussed.

6.2.1 Wireless Encryption
In our modern society, the days of open communication protocols over wireless are no longer a
luxury that can be neglected. The simple wireless controller used in this project meets the needs
of a custom-built project, but to protect end users from potential interference from other boards
and the hacking of control signals that could potentially direct the board to reverse direction
suddenly, wireless encryption needs to be incorporated into the design.

6.2.2 Motor Mount
Of all components of this project, the motor mount needs the greatest attention. It already has
gone through three revisions but needs a complete redesign by someone who really knows more
about mechanical systems. The current system works and was easy to manufacture with scrap
aluminum plates, but it is in no way user friendly for adjusting the belt tension. It also has no
alignment features that can make it easy for anyone to adjust. Right now, the user has to
understand how the system works to modify it in any way, which in practice leads to common
failures that could likely be traced back to human error in adjusting the motor mount. This is
where the work Boosted has created far outreaches the capabilities of common custom-built
motor mounts, and they deserve credit for that.
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6.2.3 Battery Management System
The BMS used in this project meets all the requirements to provide a safe lithium-ion battery
pack, but as electric vehicle research has shown, operating the battery from a 0 to 100% state of
charge more rapidly degrades the battery life [31]. To make these boards truly more sustainable
and known for their reliability, battery life considerations need to be taken into account. By using
a programmable BMS in which the maximum and minimum states of desired charge can be set,
one can achieve far greater pack life and improve the system in yet another way.

6.2.4 Printed Circuit Board Integration
The current system design has separate printed circuit boards for the motor controller, the BMS,
the anti-spark switch, and the digital voltage readout. This design requires a large amount of
manufacturing time to integrate the systems together, which can be avoided by developing an
integrated printed circuit board that would take care of most of the wire routing. The single board
would also allow for one heatsink to dissipate heat from all components, and could even be made
into part of the electronics enclosure for better air flow and heat dissipation.
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Appendix A – Anti-Spark Switch Bill of Materials
The bill of materials for building five anti-spark switches from Digi-Key is listed in Table XIII
for reference. Note some components were cheaper to purchase in quantities of 10 rather than
just 5 due to the availablility of bulk pricing. Extra available materials can be useful in the case
of loss or damage, for instance in case one is dropped while soldering.
TABLE XIII: ANTI-SPARK SWITCH BOM
Quantit
y

Manufacturer Part
Number

10 BZT52B12-E3-18
10 IRFS7530TRL7PP
10 RC0603FR-072ML
5
10
10
10
10
5

1025HC40-RTR
LTST-C150GKT
RC1206JR-075K1L
RC0603FR-072KL
CC0805KKX7R8BB105
200MSP1T1B1M2QEH

Description
DIODE ZENER 500MW SOD-123
MOSFET N CH 60V 240A D2PAK
RES SMD 2M OHM 1% 1/10W
0603
FUSE BRD MNT 40A 250VAC
72VDC SM
LED GREEN CLEAR 1206 SMD
RES SMD 5.1K OHM 5% 1/4W 1206
RES SMD 2K OHM 1% 1/10W 0603
CAP CER 1UF 25V X7R 0805
SWITCH TOGGLE SPDT 3A 120V
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Customer Reference
MOSFET Gate Voltage
Limiter
Main Power MOSFETs
Zener Resistor
Main Power Fuse
ON/OFF Indicator
LEDR3
Switch Discharge
Gate Capacitance
ON/OFF SWITCH

Appendix B – Senior Project Design Analysis
• 1. Functional Requirements Summary
This senior project intends to improve the overall experience of commuting to and from
school or work using a powerful electric skateboard. It can travel up or down steep 15% grade
hills with sufficient battery capacity to last a typical day. It utilizes a wireless remote for simple
and smooth acceleration and deceleration and includes a charge meter for monitoring the travel
range.
• 2. Primary Constraints
The weight of the overall system design needs to incorporate a balance between sufficient
battery life and performance while remaining lightweight for portability. A tradeoff of size and
weight versus power and capacity of the battery pack limited the design. Lead acid battery
technology provides a cheap option but limited energy density requiring a heavy pack that limits
the system by requiring a smaller pack with a limited range to remain lightweight and portable.
Lithium based battery technology however, provides a more lightweight and energy dense
solution for this application, but requires a battery management system to prevent catastrophic
failure in specific situations [7]. Different lithium based technologies also present the limitation
of output current, requiring additional cells placed in parallel to support the peak current draw of
the pack. Integrating passive cooling into the battery and motor controllers to sufficiently cool
the pack and ICs while under heavy loads also presented another difficult challenge. Refer to
Chapter 2 for all the project requirements and specifications.
• 3. Economic
This project requires both a financial and manufacturing commitment to bring the design
to fruition, including the individual components of the board, the tools and manufacturing
equipment required to build the board, and the facilities and labor hours required to finish the
project. They all have an economic impact on the success of the project. While lithium battery
technology is decreasing in price lately, it remains a significant portion of the total expenses.
Carbon fiber used in the construction of the deck also requires specially fabricated molds and
materials that increase cost for higher performance materials with current carbon fiber prices at
$16/pound [18].
The research and development of alternative solutions required significant time
investment. However, following initial research and development, the subsystem component
ordering can begin with the first round of financial investment into the project. The returns on
the investment begin with the completion of the first prototype and are truly enjoyed upon the
completion of the second prototype including all enhanced features and specifications as
described in Chapter 2.
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The initial total parts cost estimate of $1,192 for a dual motor configuration counts as a
personal education and interest investment. However, effective product research and company
sponsorships reduce the total cost. Additionally, while the cost estimate does not include a cost
allowance for tools, many of the tools needed already exist from work on previous projects.
The initial research and development time for the project takes an expected 82 hours with
a total development, build, test, and product improvement time of 202 hours. By the end of the
spring quarter, a fully functional prototype of the board should exist for reliability and
performance testing throughout the summer. See the Gantt chart in Chapter 4 for more details.
The predicted $1,192 total parts cost only accounts for 14% of the total development and
construction costs of $8,262 due to $7,070 required for research and development labor costs.
Once complete, the electric longboard only has the additional maintenance of charging after each
daily use. Each full charge of the battery costs a predicted 3.5 cents @ 12cents/kWh [19]. If
depleted every day and ridden as a daily commuter, the battery has an expected life of two years,
with a more realistic life of five years under more typical usage scenarios [7]. The titanium ball
bearings are designed to last multiple years beyond typical steel ball bearings, as long as they are
occastionally cleaned based on enviormental factors, and provided the longboard wheels are not
used to skid to a stop, the wheel are expected to last 2+ years for only $25, with easy
replacement.
• 4. If manufactured on a commercial basis:
While greatly dependent upon many factors such as cost, reliability, brand name, and
production capability, an estimated 10,000 electric skateboards per year could be made. At this
rate, with a sufficient manufacturing facility, each board could have a production cost of $800
due to economy of scale [20]. This would bring the high-performance board sale price down to
approximately $1,250 with a profit of $450 (56%) on each sale. Overhead production costs
would likely reduce the realized profit closer to 45%. As a board owner, with an approximate 3.5
cents per charge, the estimated yearly operating cost of the skateboard including annual bearing
and wheel replacements comes out to about $58.
• 5. Environmental
The board requires advanced electronics that have an environmental impact on the plant.
The batteries require mining nickel and lithium from the earth, and then refined and transported
for further manufacturing. The motor controllers and motors require silicon chip manufacturing,
which requires additional mined elements that require heavy refinement for the precise
manufacturing of silicon wafer chips. Time and materials to build and transport the motors for
use in the electric skateboard also have an environmental impact.
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Once manufactured, the board requires electrical energy and that has an environmental
impact itself in requiring the production of additional energy by a power generator, which
directly requires further impact on the environment to sustain the generator, depending on the
form of generation. If powered by natural gas the board could require 2.9 cubic feet of natural
gas for just one charge cycle [21]. Overall, the board requires natural resources for the
production and continued use of the board, but if used as an alternative to commuting in a car or
truck the benefits reduce the carbon footprint of the user assuming they would drive less and
ultimately reduce the impact on other species through the reduced requirement for additional
environmental destruction for earth’s elements. If the car was driven less and therefore was kept
for a longer duration of time, then fewer vehicles would be built during the life of the rider and
therefore fewer resources utilized in building replacement vehicles for the rider, saving an
estimated 17 tones CO2e from producing one less vehicle in the life of the rider [22].
• 6. Manufacturability
This project incorporates several difficult manufacturing practices such as the
development of a suitable lithium-ion battery pack for the board. In a more typical
manufacturing process spot welds connect the interconnecting tabs of each cell to create series
and parallel packs. However, small spot welding machines cost greatly more than the project
budget allows for a single production board. This requires a specialized soldering station in lieu
of a spot welding machine to attach battery leads with minimal heat transfer to the internal
battery cell chemistry. Secondly, the carbon fiber skateboard deck requires more materials and
produces more waste than a traditional wood deck while requiring a vacuum pump and
knowledge in carbon fiber layup technology. Machining custom motor mounts also presents a
time consuming challenge requiring machine shop access and training.
• 7. Sustainability
The development of the board had the intention of reparability as a fundamental aspect of
the project design and requires little design knowledge to maintain or even upgrade specific
components. The idea of incorporating reparability into the design came from an iFixit repair
guide created by this author for the HTC One Mini 2 in a technical writing class [23]. The
motors, wheels, bearing, and gearing can easily adapt to different configurations after
completion. The advanced motor controllers make this possible through programmability for
different motors and load conditions [9]. The battery pack, however, is difficult to sustain after
production due to the custom build that requires the same specialty manufacturing tools to
recreate. Personally, this researcher can reproduce a replacement battery pack , but if sold as a
product, additional packs for replacement should exist for warranty claims and long term
support. New and higher density cells to increase the capacity may become available, but the
carbon fiber composite deck limits the future form factor of a battery upgrade [24].
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• 8. Ethical
The production and operation of this electric skateboard senior project has many ethical
implications with many different arguments. Using the psychological egoism framework of
ethics, the individuals benefitting from the use of a fast and enjoyable form of transport is easily
arguable and worth the investment in the production of an electric skateboard. From a more
utilitarianism perspective of the resources and environmental impact of building the board, more
global resources are consumed in the production and maintenance of the board when the board
could likely be substituted for the far less environmentally impacting standard skateboard or
simply walking/running. This would likely benefit all from the perspective that less resources
would be consumed and directly harming our planet. However, the argument for the benefit of
providing additional work and demand for the materials and maintenance of the boards
ultimately providing the greatest good for the greatest number of people by providing jobs also
exists. An alternative perspective that the overall efficiency of transporting a human using a 15pound electric skateboard provides a far more efficient method of transportation that utilizes less
environmental resources than operating a 4,000-pound gasoline car [25]. Using this perspective,
riding an electric skateboard to work or school seems a good choice whenever reasonable.
The argument that the benefit of a few for the sacrifice of the environment and happiness
of many involved in the process of developing such a board also exists. This however, can be
combatted with the continual improvement in working conditions for people not only in the US,
but around the world and the development of more efficient and less harmful manufacturing and
mining practices reducing the negative effects of such a production. This also follows the IEEE
code of ethics by treating fairly all persons regardless of such factors as race, religion, gender,
disability, age, or national origin. On the plus side, two significant improvements that help to
justify the utility of electric skateboards include the addition of regenerative braking to more
safely come to a stop and the possible reduction in the use of personal vehicles that have a more
significant impact on the planet. It is not only ethically moral to increase the safety of the rider,
but also those around the rider that could otherwise be harmed by riders who do not have brakes.
When an option to more effectively commute without the use of a car or having to physically
exert oneself, the adoption of electric skateboards as an alternative form of transportation is far
more likely. It is clear that riding an electric skateboard to school or work reduces emissions and
overall resource comsumption when compared to driving a car.
Taking on this senior project follows the IEEE code of ethics by requiring this student to
become trained and competent in each of the subsystems to maintain and improve technical
competence and to undertake technological tasks for others only if qualified by training or
experience, or after full disclosure of pertinent limitations. This researcher has been honest and
realistic in stating claims or estimates based on the available data discovered throughout this
senior project.
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• 9. Health and Safety
Skateboarding has a history of having several safety concerns and Cal Poly has banned
skateboarding on campus while the city of San Luis Obispo has banned riding downtown due to
the narrow sidewalks and streets. It is likely however that his ban is also attributed to property
damage from riding skateboards on railings and the safety risk of riding off stairs. Falling while
riding due to bumps in the road or a simple lack of control can cause significant bodily damage.
Worse, hitting someone else while riding due to a lack of brakes allowing you to quickly come to
a stop, can cause harm to both the rider and bystanders. However, this project improves the
safety of the rider by incorporating regenerative braking, which mitigates the primary concern of
longboards and commuting on skateboards by providing improved control and ability to avoid
the dangerous condition of uncontrollable excess speed. Riders of this board can now effectively
slow down and avoid a collision. By implementing a digitally adjustable acceleration RC time
constant that limits the max acceleration rate of the board, the acceleration of an electric
skateboard can be safely controlled . Regarding the health of the rider, one could argue that while
the rider no longer must physically exert themselves as they would on a standard skateboard,
having an electric skateboard would still likely improve the health condition of people. People
who might otherwise drive could now consider riding to work, and this ultimately improves the
health of individuals by not polluting when riding effortlessly down the road [26].
• 10. Social and Political
The primary political concern of this senior project remains that skateboarding is an
illegal act on Cal Poly’s campus. Having an electric skateboard easily motivates one to break the
law and accrue undesirable fines [27]. This however has further implications as developing a
safer skateboard also warrants the discussion of electric skateboard use on campus. With
regenerative braking, a typical skateboard loses most of its potential to damage property or harm
individuals, and thus makes a skateboard comparable to the safety of a bike on campus.
Additionally, while loud gasoline powered skateboards got banned in the past, special exceptions
now exist for electric skateboards through a new bill that passed in the State of California [28].
The large community of skateboard riders have a direct impact on the safety of the community
but have much to gain if electric skateboards became legal. Cal Poly also has the risk of liability
in the event of anyone getting hurt on campus should they create provisions for electric
skateboards [29].
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• 11. Development
This senior project developed new techniques and tools for developing and solving some
of the difficult problems of how to create an improved skateboarding experience by providing
better control and ease of transportation for the rider. The project included determining
engineering specifications, marketing requirements, running Monte Carlo simulations on part
tolerances, and determining the system performance over different operating conditions.
Knowledge about lithium based battery packs, how to create a carbon fiber composite lay-up,
Linux operating systems, and the fundamental understanding of the development process of a
new product was learned. The literature search provided critical information on the design and
implementation of lithium battery packs, motor specifications and bearing loads, carbon fiber
composite materials, previous projects including successful and unsuccessful developments, and
thermal management. Learning more about battery management systems, carbon fiber layups,
motor specifications, and speed controllers would help to complete this project [30].
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